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M A.Y, 1957 ~ 

THE MEASUREMENT OF C ABLE 
C HARACTER ISTICS 

Cotlxitll cnbk's pIn.\" all illlpOl'tallt 
role in lOday's duelt'olli,' world . The." 
a rt' \'il:lI clement s in tcle\· i ~ ioll. 1'I\dio 
comllluniclltiOII , m d llr. IllilHl landing 
(\('\' if"Cs, and pnH·ti{'[llly C\·I'I'.\· other 
('lccil'Onic dl,\·ic!.: employing hil!;h 1'1'(;. 

qll('t1 (' i(·,;. The c1(>ctri c;"\1 eh:II':I{·t cI'j,.;ti (;1> 
of the ('llbles used in Illc."i(' appiil':Hinw; 
must meet \'cry rigid SIX'c'ifil,tltion1>, 1 
a nd the pmblelll of accurately Itlcasu!'
iJlg Lhe charaeteristics is important (0 

the cable d esig ncr 10 cnable him to 
dlCCk his dc"igl1~ , to the table manu
facturer to inspec t ti lt' e:lblc [x'illg p rOo
duc('{1. alld to Ihc cubic u;«' r to Blake it 
possible for him to determine :U'I'u l'a tcly 

"",the properties of t he ciiblcs wit h whi !'t. 
he is workiH)!,. 

In addition to coaxial ca blcs there 
al'e scvcntl dual-coaxial uud shielded 
lwin-conductor ty pes ill fuid.v common 
\I~ , and thc t clcvi",ioll industry U.s<!'; 

large amOUllt s of ulll.;hicided twin-con· 
duetOl- cnblc,~ . The problem is to sclc{' t 
lest cquipll\t! lI t thaI. \\' ill do the job 
lO imply , with good accLll'aey. and at rCII
sonablc co:' t. CCrl('I'Lil Hadio C'ollipallY 
lIuulufal'tur('s equ ipment \\'hi~'!1 IIwel ,; 
Illl t hc;;c req uircment s, ami this ..:crics 
of a r ti('ie,; wi!! di~ellss hoI\' it C[\II be 
II:-eO to meaJ; lU'e attcnll:)tion, ehanle
tcri stic illl lX'dullf'e. \'('Iol'il.'" of propaga
tion , capll('it llllce, find other chamclcr· 
j-'<lics, 

BASIC CABLE CHARACTERISTICS 

('011 \ '(' llt i')111I 11I'tllltimis..,:ion lill e t ILt'or,\' 
s tal-Is with the line pnr:\lIlctcn< of ~hunt 
l'apal'itnn l'I' (C' ) a lld ('ondUCIlHH'C (r,' ) 
Of' tU 'C(' 1I thc conciucturs, lind iO('I'ie~ ill
ullC-lallec (L ) and 1,t'sistance (In nf t he 
l'ondl1('[uJ"S_ ,ran : cqllution~ d(,I'i\"l~d 

from [he thl'vry :)nd worked illto :l. 

~-un\'c lli('tlt furm contain [hl'(>(> cocfli
ci(,llls th!11 arc combination ,; uf thc:'<c 
fOllr p:ll"lllllctcrS, Ilamely: characte risti c 

impcdallce: Z" = IO~ \fi Ohm;;; , 

101 ,fi 
"cloeity of propagation: II r I>C J"· 

" I_t 
cent of ,'cloc ity uf lighl. in frcc s pucc, 

. (G 1/ utl cnllntlOlI: (X = 13-1.3 Zo + , ) 
Zo 

dccibc l ~ pel' hundl'cd fcct~_ 

These th ree eUf'flicients , ZQ' I i , nnd (x , 

nrc ml),~t din:ct!y \Isdn! fol' {'[llnilatiOl1s 
ill 'i"au:; mi s"i(lll-lilic applit.::tlions, n tid 
1':lp;lcit:ul('o rC) i ~ :llso lI~cflll ill low
hequclicy applic'ution s 11m] i~ oft(·u 
IIcl'dC'd for t h(' detl'rmillat iOH of Z., 
which is HoI alll':IYs t'oll\'cilieill to m('1\ s
ul'e directly. ('Iltl~qllcn t l.r, the ('able 
chnrnClcl' i,;ti r,; mO,;1 frequen t 1,\' wwd M'C 
;/, ,,, fl , und C, wi l l. I' ~ldoll1 li1'i led, 

'.ruin! '~ ""'. _""'")" :;1 ..... 11, .. " ;."' •• .\IIU'_1 71l, d.leo! 
:;"1'1, .. , 1 \I.;;" ,.( 'aN"", C",ujal nlld 'I'" '''..(''''"''''''"c fo»' 
1t..,I;" "'''''-I''' ' ''f~·.'' 

1 ,I" 11"...., "'IUM~'''" , h~ ""ilo $", O~ r" I ~,~·.· C;n ""rJI,: 
c, III n,],,,,, I.; I. In ~ h It . ; " noJ H IlL .. I""" Ct . . \ 100, It .. 
""-"",,, ,1 . h~1 .he ",~I,ln 1..-.. Me .",aIL 

• This po per, which will be pubtished in several paris, is a revision of on earlier 
po per by Mr, Thurstan thot h05 been available in pomphlet form. l oterinstallmenl5 
will cover the equipment ond procedures used in measuring the significont coble 
chorocteristics. When the series is complete, reprin ts will be availoble. - Editor 
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prob31,ly 1"le(,lIuSC' it i~ i{'_~." frequently 
u.-.{'d nnd (':111, if 11(,(-,\1(>£1, lx' found from 
it,; ~imph' rf'lntioll io Z. lind ('.1 It. is 
imp0rl:lIIl 10 con:-id('r tilt' frequl'lI('Y 
lX'htl\'iul' of tilc";(: (·llIH'a('h'I'i"ti('~, ~irl('(! 

thi" b.·wr j.(1~ntly illflll('IIf'I':-; the l'hoiec 
of 1lll'II::!Urf'II I('nl nll'tll()(k 

f .. " ..... cp e. ...... I •• of C, G, t, ... d R 

In ('111111':; illl(,lUl('d for high4fl"CClI1l'IICY 
II$;('. t/le iu,;ulalinJ! mutl'rinl il' g(,lIl'rnlly 
poIYf'lhyll'lw, Teflon. 01' II ('ombiu[l.lioli 
of OI1P Ilf the,;(' mntl'rinl..; :lIlt! air. I II :lIly 
Cil~. IIw dil'lcdril' t'UII~\:\I11 ami di"""';4 
pfltil)ll faf'lor flre ('",,,('ulillll.,, {'Ullst:Ult 

frolll lHldin fn'(IIIl'll!'i!''' 10 mi(To\\:I"C 
frNIUI'IH'i(',;. a gr('il. \ ('()II'·('lIi t·lIre. Thll.~, 

tll(' ('fl Jlll('itHllf'(, (r) i,~ (·Ur1.~tallt, :wd til(' 
('lfll(1 ud 11 1I('l' /G') Ii< dil'('I'II.,' propOI·t i01l1l1 

10 frl'f[lI('H(·.\,.~ (01 h{'r typ('!' of ca ble!:!, ill 
panif'lllnr Ihuse with ruhh('1'4t,nxl illMI4 
l:ilioll lIS<'d at 10\\"('I' fr/'(llI(,l)('it,~ 01' fot' 

hi!!h :1I1i'lluuliOll :It high fl't'qm'l\cic!', 
:111' II'ft l'UII,~idE·1'{'\.1 ;11 I ll{' ",;mplificd 
pt·(' .... 'lIt:ltiE\1I of Ih;,.., ,;('1'1;011. Tlll'ir l'1I4 
PU(·il:UU't' i_~ !lot 1·lIl1.~Ift!tt. :;0 their 

frt'ljlll'twy 1X'llIIv;Ol' ili mure compli
call'tl.) 

TIlt' IX'il:tviol' or ;ndu('t~n1t'f' (J.), 

1'11011'11 ill Figure I. i,. il1f1ut'tu'ed hy ",kill 
('ff(,(·t, Ilht'ri'hy ('Url'('lll 1X'lu'tmtiOit 
into :l c{Jnd u('lor iii ('1ft.'(,li\'cly lim ited 
to II depth 1/111(' d('t.'ll.·(I:<I 's a ... the ft'C4 
qU('IWY i ~ miSftI. ,\l "PI'.\" luw frclju('t1-
t iC:; Ihc ciTe('fi\'{' depth of eU l'fCnt 

'0 in ..... ~ ... ,t. .' IOl"~'1 
( Z, ,to vi", .. f t. In ~ .. flft,1 

• r. _ 'l./Cn. '" ~ hid, I '" II", ''''Iu<:nl:)' ~n,1 D '- ti,e 
<.I,.il"""" ,.01 .... 

0 .. .. 0 ' ~ .. .. D' O' 0' .. 0' 

figu •• 2, Cu ..... 1 d ill.l b .. lion In ~0 ... 1 .. 1 . ........ 1._ 
. Io n II .... 

l"lellelrfl.lion in !Hetnl i" lar~e l'(jmp~lred 
to the ('l,lIlduetor dilll clI.;;on.~, aud Ihe 
l'U ITPtlt i:; pt':t (' lit 'all .v uniforndy dil!
tribuled on' l' 111(' ('0I1dw'lor ('1'\1:,,-; "('('

tiorls, n.~ ,;hllll' lI by the "li1It!(,d IIn'a s 
of Figun':!. :\la~lIt'tic fhLX, tht' !l11l~IIU( 1 

of Idlieh 1'1(.'1' unit ('IIITrnt (1('\('l'Illill(-,.-; 
the illdw·t:ln('C, exi"t:; aroulld the rUl'
rcnt, lIS illdic'llted hy Iht' Urr" I\':;, 1II1d 
somt' of ,II;:;' flux i" wil hill i ht' ('(lIldm:
tONI, lllakil1,1!; indm·t:ltll'C a m:lxil1lllm, 

At n~ry Ilil-\'h fn'ClUt'lit'll''', Ilt l' ,It-pth 
of 1X'IlCl rnl iOiI i.-; IIt'~1igihly Slilfill ('()]I\

pnred 10 Iht' mille dim(!n~ioll _~. :-<J the 
curr<'llt ;OS cl'Olnl{'d illl0 Ill(' '"Ny :ohallow 
path:; iudimlt'd by tht, hlack (·in·le" ;n 
Fi!!ure 2. Witll tilt' '-;:IIll(' C'Urt('11I flow
ing. I hc ;'I]I\OlIl1t of IIl1x u-ithw 'hI' {'U1I4 
du{'tQI'S t1wm,;cln 's I:; n('~ligihl!', ~"'I the 
flux 'wfll'f'(,11 Ihe {·Olldll(' lor,. (i ll Iht' di
eled!'i!') i,; tll1 {' htlll~ed ; :«1 Ihe indIH·tt" 
lIn('C i ,~ I(! .... ~ lh:lll 1H loll' rl·I'qll(,llC:ictI. ~o 
rmiher ll[)pr!'('iahlc redu('lion in flu x 
call Of't'lIr; Ihtl,; tht' illdul'lall('t' i:; again 
pral'licnll,\' COn ,.I[l1I 1 filld rPIlWiIll> "0. 

The lotlll change of il1dlll'l:lIH'C ;11 
nOII-mn!!lIct iI' l'01ldUClor . .; is readily ('n l
culated from condu ctOr di1l1('l1iol1", 11ml, 
for example, i,; about 20 lX'r ('I'llt ror 
,'i04 0ilm pol.Ycl h.,·le llc-{i;f'lct'lr il' ca llIes, 
The fl'Cquerl c.r rauge in which lhc.-,. 
change ocellt'S lmd the ,.,hape of the 

Fig .... I , V • • I.U ..... f Inducl ...... wi th I •• " ..... ~y 
( •• bil.cory .. niU). 
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, 
curve in thiil region an.' d rpcnd('lIt upon 

- Ihe size of the !'able (the ch3ng<' ~ t :lrts 
at lower fr('{III(,III'ic" in brgel' \':11)1('8) 
and upon til(' Inl~' l lH' eOlldu('tor/i [l,re 
!lInde. Skill dTeci ;OS J'i:l:lrdC'c! ill .~ll"Iltl d('d 

condueHm; 1111 ('ulllp:l1"C'd 10 "olid ('Oll
dUI'10rli, \'\'('1\ l hou~h II\(' ;lIdi,'idu:\1 
slrnnd.'\ :l n' IIO! "UPPQl'('<.] to) Iw in"nill lcd 
from 0111,' !tllf)lhl't". lI nd t h i.~ fa('1 Illllkc,; 
it ('xtn'Il1('l)' diflil'ult tl) (':1](0111:111.' 1111' 
pl':L{,tiC':l1 frt''1ucllry limi t" of the rl,t-!:ion 
of ;lIdud:lIl(1' l'hallj.!;C'. Furt iwrmorc. 
IIQl'lu:lll1lt'( 'h:ltli(:al n u';nlioill'. lind pos
!<ihly dCI' trim] ill ! {'r-:;Il':lnd \'(llltl\ c t 

vnri:llioll.~. in thC' ('ahle limit tb(' llt'CU
nu'y wit h II'hieh th(' inliu r tlllwc ('lII've z, 
call 1')(' lI1(,ll~urcd . ( ')('111"1,\', tht' ('IlI' VCS 

of FiJ,!llrcs I and ::l :11"(' iric:iliz(.'d . For 
l'xllmplc, if TYI'~: HC -S , . ('able kid 
solid t·omllH·tol':-:, t llf' up l.M'r limit l of 
the iH(hwtIlH(,f' t 'ha1\~(, 1'1'1,6011 woul d be 
:lOout !) :'> Il'. B{'(·;w:-t· tlf the btnl1ldi ng 

-..of Ih(' j·oll(hu'IOI'S. the UPPf'l' limit IS 
hi,l!her. po~ .. ihl.v ).j or 20 :'>11-. 

'I'll(' bt·h:lvior of 1'('~i"l:lIH'C (U) i s 

df't el'lnillcd hy f<k in rlff'{' \. As I hI' depth 
of "urn'nl pelletl':ltioll is f'('(iIlCcd, R 
i l l(·I't·a,.;('~ :11 1<1 1)(,(,0111(':; approximllt e ly 
proportiollul 10 t he sqll[lI'C root of fl'c- V' 

qUl'IICy whcn :-:kiu rl f' plh hCt'omcs \'Cry 
r; lllall f'OIlIplll'cd 10 "ond Uf' lor dimcn-
8ioll fol. 'I'll(' ' .... pc, tb i{' kll(':;'<;. :wd qUfll ity 
of pllltiul,!; u,"(.'tl On til(' cOllduct ol'.s :1180 
iIlJl UC II ('C~ the hiA'h-fl'f'qIlCIIl'Y I'f' ~ ist

:l1lCC. aud , at cxtremC'\y high frcqucn
cit'S, a phenomenol! c;lllcd "hraid 
f'fTN't " eal l m!lke altCllufilioli abllor-
1l1:\l\y high . 

v .. ,J .. u .... I .. zoo ", .... cI II. wit h f '.q ..... cy 
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varies sillce C is indcl)(,lId-

('nt of freqUt'Il t"~ .. Z. va ries as .,.fL. 
Thereforc. tIll' frcquelH'." ,·hnnWlf'l'i.sti c 
of Zn. showlI ill Fi~ul'l' !la. i ~ w ry s im
ilar 10 ,hut of I. ( Figmt' IJ t' ~t'('pl thut 
1111' lulal r" ' n't'III:I~l' " h:tuJ!;t, of Z. 
hel l\'('('11 I,m ft'l'qll .·tll'ip..; !Iud high fl'B

qUt'llt'i,·~ i ,~ !Ihnul half t ill' rWI'N' ll1tlgc 

I'hHuge uf I.. T Ilt' ('hall~t' ill Z. i~ lIor-

• c-
, 
• , 
• , 
, 
, 
, 0 0 .' 0' 0 ' • 0 0 • • • 

r!l!:l1o.l:ltCr 

fl.",. 3 .. . ( .. b . ... . ) V .. , ; .. ,i .... of ~ha'o<l • • IIII, Im_ 
p.do .... with ".q ..... <y (o.btl, ... y .... Its). 

• , 
• , 
• , 
, 
, 
, , , , , , , • , 

PO OJ 00' (l It' 00' 10 (l I'l 10 10 10 • 
rlltctXltC' 

fi ..... 3b, (abo .... ) Va.ial;" ... , ... ro,lty of propo_ 
... 11 .... with , •• q .. . .. <y ( .. , b l" .. ,y " .. Its). 

r-
" 
• , 

The cbarnctcris lic impcd:lIl (''C. ZDI '() , 
."l,J, 

' I""",,,,,,,~y lOt wl,i~h \1 .. : ;nd"C1&IIet! iI wi thin 1% of the 1 ,',' 
final. r .. .,I,.I'''I,,"nC), ... h~. 

~ 

, 
, 
, 1/ • 

"I ... ,. 3e. l.l.hI) 5lmpUlJ. d .... . 11 .... f tho .. .. '1 .. • 
II ... "f .. n ... " .. II" .. with ".q ...... y ( .. ,blt, .. ,y " .. ih). • , 

, ~'1 " , 0 0 ' 0 
. ' 0 

0 ' • D' 0 ... 
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GENERAL RADIO E X "E RIME N TER • 
mally complete !tt fl'eflucncies sufti~ 

t icntJy low :;0 tli;ll. only the finn!. 
high-frcquc]lf':'>' nliue ]Iced be con~i d 

el"('d or listed, II OIl<'n'I', iSpeciu I ~i t

lmtions Mi:;(' ill whi('h it ITl ll:;\ be 
eOIl:;itler'l'<'i. ,\ Ii :\11 f'x:lIllplt" il mny tJ<.. 
coun:!-n icnl f.) \' ;\ j,:\hk Ill:HlUf:lI.'IUn'l· 
to lIIak .... Ihe k"t IIf t'IUlr:Wll'fi,~lir illl

IX'linlH'e at tl frrqul·!I('.\' of I :\ 11.-. III 

HG-8/ 1' ('lIble, fI( thi,.: fn'qll<"IH',Y, thc 
char:wll'l'i,.,:tic' irnl11'd!uc('(' iii -t pCI' ccnt 
higlll'l' 1 han the hiJ.!;h-fl'cquelll'Y \'aluc 
of .'i0 ohm>!. T he lurgrt ntlilc al [ :'lI e 
is llwl"('fol'e 52 uhm.'!. 

The veloci ly of (lI'Opag:aliolJ , v, ili 

. I I I . 
pl'OpOl'llona lo '\1'1..(" all( :<0 vanes as 

the rcc'iproeal of the vL, (' Ix'ing ("011-

s tant. The fn'qll('llt,\' dlaml'terilStir. of 
I', "hOII'll ill Fi,l!;lIrt' :Jh, iiS 111('1'('(0 1'1.' 

the l'eCiprOl'lll of th:'II of ZQ, "hOII'll ill 
Fi,l!;w'l' 311, 

TIlt' attt'tlilatinli ('ol1:<\ftl1l, 0', is madc 
ttp of 1 11'0 tnlllp!)II('lIt.~, one pl'upo r
liOIl:\1 10 Ii alld the othel' proportioll a l 
to U, The /( conrpUIlCllt u<:iuully domi-

na tes at lower freqnencies and \"aries ...... 
liS the sqllt\l'e 1'001 of fl'cqul'J)('Y wl1L'1I 
l'U I'n~ llt IX'llt' lta liull i", small tompan.'ti 
to t'OlIdUf'tOI' dim(' l l~iolls, T he G 1'0111-

pOlle nt hi'I'ollle:< I'rlati\'ely more illl
plH' t:lllt al hight'r fn 'iju('IH'it'!,J and i~ 

dirf'c' ! I.\' pl'Ilpml iollal to frc'quellc'y. T he 
slope of a \'el'Stl~ frequ('n('y whell 
plotted 01 1 log-log graph pllpCl' is l :l 
if f{ JUnli l l:ll ~':-;, [ if U d orninalf'.", :lIld 
hCt.II'L'('1I I:.! a nd 1 if neither '!lie is 
Ilcgligi ble, .\ gn 'n lly sim plified hij!h
fl'C'quf'II(V atleillmtioll ('h:U':ll'tCl'i,~ti(' i .. 
ShO\HI ill .Figurc 3('; more ('oll1 plil':(led 
,'un'es \\'ould gCllc l'ftll,\' II{' outnim'rl 
IJC(·l I U.5C of the dYed s of "tmlld illg, 
bra idil lg. d ic!cl' tr il' ill l]l llriLics, find 01 her 
d l'p:l rlure;; from ide:lli7.C<..1 IlwOl'.\'_ :\'01'
m:1l1y, fuz' prod uctioll tc.~ t ill~ purp\l.~":< 

il is !;u fli eieilt to IIWa..":lI "(' a :).t :1 !>i nglc 
frcq ue nt .v ill t ll(' gellem l rullge of IIUI'

mu l U,;{', but if all n.f'Clll·ate \,:\llIc is 

rcqu il· .... d ti! some olhel' fl'equC'IIl'Y, it i", 
Ilecc,:wtlry to mnkc n IllCllSIt t'eIHell i fit. 
Iha l frcqllcllcy, - W, ll. T HU I(STON 

( to be contillucd ) 

STANDARD I N DUCTORS - A STAB ILITY 
RECORD 

\VIIl'.1 the'l'ype 1·IS1:-:lalldard l ,ldllc· 
tot'S 11'\'1'\' lil'st. illtrodlH~ed in IB'-I:?,* i t 
\\'~\,,; expe{'(Nithal Iht,.\' \\'oult.! pro\'c to 
be more st:) hll' aud ]'{'Iiabl(' than 1 hei r 
10llg-tirne [JI,t'(lc('('ssur,;, thc T n']'; lOG 
:":crif'li .. \11 11I1('I'\'al nf un:~t' fOllr ,veal'S 
hIlS 1101\· del11olls t1':ltt'd the \'alidity of 
lhi ,~ prL'i'lietioli :lIld :<hOWIl1l grati fyillgl,Y 
hi~h ;,!ability, I\·hidl i:i ultribull1ble 
c'hit,fly 10 f(jlll' impol'\:lllt r('atu res: 

I, T hei>C illdu(, lOl'$ t\I'C wOll nd 011 
~olirl ('('I'I0ni c, ill hc l'rntir s tuHe tUl'oi(1:J1 
con!;;, 

-u .. ,,,,;u II, I ... """,,,,"" Xe ... ~ri ... <>I Stnn,],,,d \",10,,,_ 
"'".," Cene,al Hadiu EJ'JK,;",.~I~r, .sU"N,,1x<r, 11I~2 . 

2, T lw,\' a rc "u l)j .... dcd 10 :\11 al'1II1,\' 
proc~"s to relirn' willdillg !;traill~ and 
:;lal1ili7.c Ihe winding pI'iol' to final 
C:1librnlioll , 

3, Pal'k('d ill gl':llllllah'd cQ!'k, the:;e 
loroida! lIni 1 s ha \'e C"iielll iall", :\ noa I iug 
Hlppol'L frce from :UI,',' lucalizL'd points 
of Slmin, 

.1. , \ 11 cfl'ectivc hCl'lllctic f;('alillg: ('Iilll
imltl'!; vnria t iOiI ill ilid ue/fillet) d lle to 

!\ll1biell t h umid ity, 
'J\m compielc :;cIs of I hcSC' imluctors,,,",, 

constructed in the SUlllm('l' of 1!),,)2, are 
kf'p t to ~1'\'C!liS ou r prirntu,Y sta ll dards 
of ind uctallce, in len ns of II' hidl 1111 of 
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OUf production uuits arc given their 
.-. finnl calibration for Ollr certificate data. 

011(' of these sets has been ;.;ell L to lho 
:;\ationai Burc:lu of t::itUllcinl'cis for cali· 
bmtioll on three scparn.t c occasions, 
namely, in September. 10.:;2, .July , 19.j,j, 
and January, 19;)7. This mCllllS that, in 
addition to .tH years of ('xtcllt'i\'c lab
omlor,\' usc, thci;C inducIQI"::I have 
endured three round trips bet.ween 
ClIllIhl'idge unci Wus hingtOll. 

The Bureau's ('C]'t ificd ,'ulnes of self· 
incluctnllcc at 100 cycles olTer {'Ollvine
in!;" proof of the .stahility of thc,.;c ILllit l:!. 

'I'll{' followillg table ~hows the ditTer
P11I:1.:8 hctw('cn certified valucs 011 the 
tlih'c IlIt>Ulitll'crnCIII dalc,-;, l\:'i well as the 
l1et on'rall shift sint'e thl" first measure

ment. Thc::!C datu !lI~ ~ivcll with morc 
signitie[lnt fi)(urcs thall COIT<.'>iIXmd to 
the tulC'ntllec limit s. ± O.03c-~, to which 
the Bureau cerlific!; absulute indu('talll'C', 

" In 1 he table, all inrf'('mc!lt.~ ~~re gh-ell 
in pal'ts per million, The third column 
illdi,'all's the a",:<ullwd prcei,.,ion of 1 he 
Burcnu 's tnc-usurCHlC!H, bU>led 011 a 
tolcrance of ± I ill the ltl'lt digit. The 

MA Y. 1957 

la-st column givcs the accurncy to which 
the Bmcau cerlific:-alion was gi\'(>n, 

It will lx' !luted thnt. for the most 
part, ihe ill<ii('ated .. hift s arc r-andom 
in cha mel!'l' nud do lloL grea t I," eXI'('e<1 
the rcsolutioll of thc Bureau JlU'nSllrc

ment". There is a moderate pl"Cpondcr
Ull{'e of po"ili\'(' , .. hifl, .. , ill creu;;c of in· 
duelllllee, Only the 2h, I h, and 200 /-I-h 
units showed a progress;\'(: uni·Jircc-. 

ff/Jlil"/Jlrd, 

" " 

,\rilhuwth' AVl"ragt' (Ominiu!!: :.'110 ... 11, 100 "h ) 
Ah..'t'hraio- .\Ienn (Omitti",,:.'1)() I'll, 100 "I.) 

-

:17 
+ 27 

~. 

~ -
~ 

~ ---
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Ge N E R A L R AD IO EXPERI MEN TE R • 
tiollul shi ft. Wi th the except ion of Ihe 
t,\"O smnllC'st inductor:; (200,uh and 100 
/Ah) the overall "hife" :1\·efllgN! only 3i 
and lleH'r eX('ceded 100 part" per mil
lion, which is 0.01 per {'ent. I t. mH.\' or 
rna,.,. not Ix> signifi(,llllt t hat Ihe unit
valued inductors a'"Naged di:;ti nctl.v 
lc&; ill O\"('I"all ~hi ft. I,' p:ll'IS lX'r llIillioll. 
In all ('n~s, Ihc o\'ef-all (-1 .3 YCll r) s hifts 
indi('Ull'tl by III(' Burl'UIl data w('r(' I'"cll 
within th{' limits to I,"hi eh thc BUl'ellu 
certified Ihe nlhlC of indudance. 

The inductors w('rc stllbilizcd in a 
constant tcmperatlll"{, morn fo)" 0\'cr-l8 
houfs prior 10 mcasurClllent. :\ lell.'5Ure
ments of d-(' rc.~i~tatlt'{' ,~holl'cd lilt' st a
biiizC'd It'mpcnlllll"t'.'i fo r the three 
OCt':l..,ion>l to bC' within OIlC degrce C. 
TIU' tt'Ill I}('rtlturt' cot'ffi('ic'nl of indllct
all{'e, abuu t + 30 IC6 , is of the ,,;.:une 
order a8 the !lrcci"ion of the Burca u 
data, 

The :l'·era~e shirl. omiUing the Iwo 
slllalle~1 inductOl·.~. is of IhC' ,~H Il1C' orciel 
as that "hieh Imutd bc pl"(xitu'ed by a 
OIle-dc·gree t'/lllllge ill tCIllIX' l'atllfC. 

\\"e IX'li{',"c th at the foregoinA" gil·cs 
a cOllvirH·ing proof of I hc high dl'~ rcc 

of s tnhilit.\" {'xhibited by Ihi.oj ,<i'l of in
dll ('\OI'~. Our' rcgular' pmdtr(,liolr T Y I'E 

1 182 Ulrils ~ho\\" 11 l'omp:lmblc dC'gl"ce 
of stnbilily. Thi,; ha,., beell dellloll-
81 1":1.1 cd 011 Ilumerous ()('casions II hCIi 

sonlt' of our ('ustom('l'S han~ l'{'\ul"Ill'd 

their indu('IOl"s to us for rC'('Illihralilllr 
in ll('('ol"da nre with thcir OWl! I}('riodic 
rcquirC'nwnt,;. 

Sut'h Mablc 11lld :l{'{'uratciy ('uli bnlled 
induC'tol"l< (':111 I I(' Il"{'d ,,"it h eompletc 
con/idcm'(' in all s tllll(liudizing labor'a
torics ami for 1I11' ('alibralion of all types 
of indut'lors ant! bridges, as is done in 
our 011'11 laboratories, 

- 1 [ OIl.\TIO W. L.\~l so;\, 

AN ENG INEE R'S COMPANY 

J f you knOll" an engillct'fiug student 
01' f('cenl g l'acitmte who might Ix> inter
eSlcd in C'ithef dc\·clopment 0 1' Sl.lles 
cllgilll'Cring in thC' C'ledronic ins u'll
m{'n tation field, ,,·("d like to send him 
a ('opy of our new booklet" .\11 Ellgi
lleer's C'ompnnr." Just send your re
ques t, wit h the man's IIlllne and ad
dress, to: 

.!\fH. JOliN D. Q UACKE)'IDOS 

at our C(tmbridge office 

General Radio Company 

"':'" '~ ... 
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